Computer algebra systems are frequently used for research. In addition, some instructors have based entire advanced courses around these systems. One benefit is that they allow students to become familiar with the methods of calculus by individual experimentation. However, instructors have generally seen computer algebra systems as unsuitable for introductory algebra since the software is capable of doing all the math for the students. That barrier could be overcome if a suitable user interface were developed. Furthermore, embracing computer algebra could make for a completely different type of introductory course that shifts the focus from calculation to problem-solving. Computer algebra systems could also make life easier for math instructors as problem generators for tests and as automatic on-line graders, even of non-multiple choice problems. Computer algebra systems offer many new opportunities for math education.
the focus of the rest of this paper. For example, rather than jumping to a deductive derivation of how to compute the derivative, an instructor could first have the students experiment on various expressions and induce the rules. A relatively recent and exciting result is that computer algebra systems can always decide if an expression consisting of elementary functions has an anti-derivative expressible using elementary functions (i.e., functions like log, sin, e x ) [2, 3, 9] , so students can expect to get answers to integration questions from the computer when they exist. However, there are some caveats regarding this result. While formally correct, symbolic integrals may not be suitable for numerically computing the area under the curve [8] . Also, for expressions that do not consist of elementary functions (e.g., Bessel functions) computer algebra systems may have less success [6] .
Despite these limitations, students have found computer algebra systems extremely useful when studying advanced math such as calculus.
New Courses for Computer Algebra
While computer algebra systems are put to good use in advanced courses, it is less clear how to insert them into the curriculum for introductory algebra and other lower-level courses. There are two immediate concerns. One is that the software may simply be too difficult for these students to use. One might expect calculus students to have a certain sophistication that would allow them to learn quickly how to use the software, but one has no such expectation of introductory algebra students. The other concern is that computer algebra systems are so powerful that students will learn only how to type in equations, effectively eliminating the content of the course.
These concerns are valid; however, they do not preclude the use of computer algebra systems.
These concerns could be addressed by modifying the software to better suit the needs of less advanced students: a simplified user interface could make the system accessible to these students.
General purpose computer algebra systems are very powerful; introductory algebra students do not need that power. The issue of the software doing too much can also be overcome by designing an appropriate interface. The student will not get much out of the interaction if the software simply responds with 40 when a student types in the command to solve the equation w = 1 2 w + 20.
However, the student can get a lot out of a richer interaction that shows more of the steps of the solution and requires more student participation.
There has already been some experimentation with computer algebra systems suitable for introductory algebra students. An early example is the Macintosh Graphing Calculator [7] . This software was capable not only of making excellent graphs, but also of helping students manipulate equations. One could click on an expression and move it about within the equation; if moved to the other side of the equation it would automatically change sign. There currently exist other sophisticated algebra tutorials. These systems can show all the steps of an algebra problem, and some attempt to do cognitive modeling to better help a student learn the material [10, 12] .
I would like to suggest using computer algebra systems as "training wheels." Algebra can be or subtract something on both sides, multiply or divide something on both sides, or simplify a highlighted expression. A heuristic that might be used to determine whether or not the student is off track could involve determining that the complexity of the equation is being reduced. For the solution of quadratic equations, once the student has reduced the equation to standard form (ax 2 + bx + c = 0), he or she could be prompted to identify a, b, and c, and to type in the quadratic formula to complete the solution.
There is another more radical approach to incorporating computer algebra systems into intro-ductory algebra courses. Instead of modifying the system so that it does not merely give the answer, we could modify the curriculum so that equation-solving is no longer the focus of the course. The new focus would be problem-solving. In most introductory algebra courses, relatively little time is spent on word problems and practical applications; this new course would reverse that trend.
Questions concerning, for example, ages of individuals, geometry and applied geometry, distribution of resources, and simple physics problems would be posed. The students would have ample time to learn how to convert such problems into systems of equations. These equations would then be fed into a computer algebra system, which would solve them. Again, the content of the course would be on translating problems into equations, and not on solving equations. Advanced physics courses often take that approach -students learn to turn problems into differential equations, which can only be solved by machine. Interestingly, there is already a precedent for this approach in a lower-level math course: introductory statistics [5] is frequently taught this way. Students are given word problems that they must analyze in order to extract the relevant information, and determine the appropriate calculator or computer command to get the answer. Students coming from an introductory algebra course are often weak on word problem skills; perhaps a word problem course would better serve them.
Computer Algebra for Instructors
While using a computer algebra system for research is not new, and basing certain math courses around a computer algebra system is not uncommon, I know of no discussion regarding the use of computer algebra systems as tools for instructors. Computer algebra systems can be as useful to instructors as they are to researchers and students. There are at least two areas where a computer algebra system could simplify the instructor's task: exam construction and exam correction.
The job of constructing an exam is a tedious and time-consuming task. The instructor has in mind that he or she would like to test certain concepts at a particular level of difficulty, but crafting many such suitable questions requires a lot of effort. Previously constructed question banks are limitations: once expressions become too complicated, the system can no longer determine equivalence. If the expression language allows the expression of log(2), π, e x , sin(x), and something equivalent to |x|, then the question of whether two arbitrary expression are equivalent becomes formally undecidable [11] . Additionally, while the question of whether two expressions involving radicals are equivalent may be decidable, there do not yet exist algorithms to always decide [3, 9] .
Nevertheless, systems have no trouble determining the equivalence of fractions, polynomials with rational coefficients, and rational functions with rational coefficients. Thus, a wide range of answer checking could be easily automated.
Conclusion
Although computer algebra systems have existed for over thirty years, there are still new opportunities for their use. Professors who use computer algebra for research may not be taking advantage of it for the courses they teach. This paper shows two practical ways that instructors can benefit from using these systems. Also, while calculus students have had the help of these systems for over a decade, these tools are still mostly unknown to introductory algebra students. With the right software and the right curriculum, these students can benefit as well.
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